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Introduction
According to the World Health Organization, the preva-
lence of diabetes is steadily increasing worldwide [1, 
2]. It is estimated that 6.3% of Europeans aged 20-79 
years are currently affected by this disease, and this 
figure is predicted to rise to 7.8% by 2045, mainly due to 
a significant increase in the number of people aged ≥ 65 
years and, especially, those older than 80 years [2, 3]. 
Along with aging itself, other risk factors such as obesity, 
low physical activity, consumption of highly processed 
foods containing an excess of simple sugars, genetic 
predisposition, and the wide use of diabetogenic drugs 
such as statins also increase the risk of diabetes [4–8]. 
Diabetes, a severe disease, also increases the risk 
of other conditions such as cardiovascular or chronic 
kidney diseases, causes disabilities such as blindness 
or lower limb amputation, reduces life expectancy, and 
poses a burden on health systems and social services 
[9–12]. Therefore, it is crucial to identify all risk factors 
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Abstract 
Introduction: Type 2 diabetes is one of the most common diseases in the aging population; however, data concerning correlates of diabetes 
in age-advanced individuals are limited. The study aimed to identify the socioeconomic correlates of diabetes in representative groups 
of oldest-old (≥ 85 years) and younger (65 to 84 years) Polish Caucasian seniors.
Material and methods: PolSenior is a multicentre, population-based study conducted in Poland. Fasting plasma glucose levels and data 
from detailed medical questionnaires were obtained from 2128 male and 1961 female study participants aged ≥ 65 years. Multivariate 
logistic regression was used to identify significant socioeconomic risk factors for diabetes and undiagnosed diabetes.
Results: The overall prevalence of diabetes in the study group was 21.9% (24.0% in women vs. 19.9% in men, p = 0.002), with an estimated 
weighted prevalence for all older Poles of 23.1%. Nearly one-fifth of cases were previously undiagnosed. Diabetes was more common in 
the younger elderly (65–84 years) than in the oldest-old (≥ 85 years) (23.4% vs. 18.6%, p < 0.001). The frequency of diabetes was higher 
in women than in men (24.0% vs. 19.9%, p < 0.002); however, men remained undiagnosed more commonly than women (4.7% vs. 3.3%, 
p = 0.029). The frequency of diabetes was higher among urban than rural dwellers (23% vs. 20.4%, p = 0.048). It was also related to marital 
status in women (p = 0.036) and occupation in men (p = 0.015). Multivariate logistic regression analysis revealed that the independent 
risk factors for diabetes were body mass index (BMI) and marital status in women, while in men it was solely BMI. Undiagnosed diabetes 
was more frequent among rural than city dwellers (4.8% vs. 3.5%, p = 0.03). In multivariate logistic regression analysis, only BMI and 
place of residence remained significant risk factors for being undiagnosed.
Conclusions: The prevalence of diabetes in the ≥ 65-year-old population exceeds 20% but is lower in the oldest-old than in the younger 
elderly and is modified by socioeconomic factors. Many elderly individuals remain undiagnosed and do not benefit from the currently 
available therapy. (Endokrynol Pol 2021; 72 (3): 249–255)
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diabetes. Based on FPG level, undiagnosed diabetes 
was identified in an additional 164 individuals (4.0%; 
65 women and 99 men). Therefore, the total frequency 
of diabetes (previously diagnosed and undiagnosed) 
in our study population was 21.9%. Notably, although 
significantly more women than men had this disease 
(24.0% vs. 19.9%, p = 0.002), undiagnosed diabetes was 
significantly more common in men than in women 
(4.7% vs. 3.3%, p = 0.029). Based on these data, the 
weighted estimate of the prevalence of diabetes in 
the whole Polish senior population was 23.1% (23.7% 
in women and 21.9% in men). In addition, IFG was 
detected in 840 participants (20.5%; 354 women and 
486 men), being less common in women than in men 
(18.1% vs. 22.8%, p < 0.001).
The fastest-growing group of seniors in devel-
oped countries is the oldest-old group, composed of 
individuals aged ≥ 85 years (“double aging”). Many 
of them age successfully and, therefore, might differ 
from younger seniors in terms of morbidity. Therefore, 
we compared the frequency of diabetes in individuals 
aged 65–84 years (n = 2823) and those aged at least 85 
years (n = 1266). Notably, diabetes (both diagnosed 
and undiagnosed) was significantly more common in 
younger seniors than in the oldest-old (23.4% vs. 18.6%, 
p < 0.001, Fig. 1). This finding was consistent with the 
results of trends analysis, which showed that the fre-
quency of diabetes in our study group decreased with 
age (p for trend 0.015). Separate analysis for male and 
female participants indicated that a decline in the fre-
quency of diabetes was significant only in men (22.1% 
of those aged 65–84 years vs. 15.3% of those aged ≥ 85 
years, p < 0.001), but not in women (24.8% vs. 22.2%, 
respectively, p = 0.22). An analysis of trends gave con-
sistent results: the frequency of diabetes decreased with 
age in men (p for trend < 0.001) but not in women (p 
for trend 0.975).
The frequency of undiagnosed diabetes was similar 
in younger seniors and in the oldest-old (4.0% and 3.9%, 
p = 0.89). However, sex stratification showed that the 
oldest-old women were more commonly undiagnosed 
than younger women (4.6% vs. 2.8%, p = 0.045). In com-
parison, in men, we observed the opposite: oldest-old 
men less commonly had undiagnosed diabetes than 
younger men, but in this case, significance was not 
reached (3.4% vs. 5.2%, p = 0.067). In younger cohorts, 
men were more commonly undiagnosed than women 
(5.2% vs. 2.8%, p = 0.001), while the difference between 
oldest-old men and women was not significant (4.6% 
vs. 3.4%; p = 0.38). 
Socioeconomic factors associated with diabetes 
Place of residence was the only socioeconomic factor 
that affected diabetes (previously diagnosed and un-
for diabetes, because their modification could reduce 
morbidity or alleviate the course of this disease. In 
recent years, emphasis has been placed on character-
izing the socioeconomic factors that may modify the 
risk of various diseases [13–15]. However, only limited 
data are available regarding factors that may affect the 
occurrence and course of diabetes in the oldest-old 
(aged ≥ 85 years). In this work, we present data on the 
prevalence of diagnosed and undiagnosed diabetes in 
a Polish Caucasian senior population, placing a par-
ticular emphasis on the oldest-old, and analyse the 
effect of socioeconomic factors on the risk of diabetes 
in these individuals. 
Material and methods
Study population
PolSenior was a multicentre, interdisciplinary project designed to 
assess the health and socioeconomic status of older Polish Cauca-
sians, including 4979 participants aged ≥ 65 years, who were split 
into age cohorts of similar sizes [16]. Blood samples were obtained 
from 4101 participants, and fasting plasma glucose (FPG) levels 
were measured using a routine technique at a single laboratory in 
4089 participants (65–69 years: 330 men, 361 women; 70–74 years: 
402 men, 385 women; 75–79 years: 379 men, 330 women; 80–84 
years: 345 men, 291 women; 85–89 years: 388 men, 304 women; 
≥ 90 years: 284 men, 290 women), all of whom were included in 
this study. All participants completed a detailed questionnaire 
regarding their medical, social, and past and current economic 
status. They also underwent anthropometric measurements and 
selected elements of a comprehensive geriatric assessment [16]. The 
study participants were further stratified into groups according to 
their carbohydrate metabolism status, with previously diagnosed 
diabetes (self-reported and verified based on medical treatment 
and/or medical records), undiagnosed diabetes (fasting plasma 
glucose (FPG) > 125 mg/dL), impaired fasting glucose (IFG, FPG 
100–125 mg/dL), or normoglycaemia (FPG < 100 mg/dL). 
The PolSenior project was approved by the Bioethics Commission of 
the Medical University of Silesia in Katowice. The study conformed 
to the principles embodied in the Declaration of Helsinki. All partici-
pants gave written informed consent for participation in the study.
Statistical analysis
Statistical analysis was performed using STATISTICA v. 10 (StatSoft 
Inc., Tulsa, OK, USA) and R Statistical Software (R Foundation 
for Statistical Computing, Vienna, Austria). Chi-squared (c2) and 
Cochran-Armitage tests for trend were used to analyse the signifi-
cance of differences in disease frequency. The estimated prevalence 
of diabetes in the whole older Polish population was weighted as 
previously described to account for the age, sex, and place of resi-
dence, to reflect the population structure [16]. Multivariate logistic 
regression analyses were performed to identify socioeconomic risk 
factors for diabetes, and data were presented as odds ratios with 
95% confidence intervals. In all analyses, p values of < 0.05 were 
considered statistically significant. 
Results
Prevalence of previously diagnosed 
and undiagnosed diabetes 
Among 4089 study participants, 731 (17.9%; 406 women 
and 325 men) had been previously diagnosed with 
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diagnosed) risk in the entire study population (Tab. 1) 
because the frequency of diabetes was significantly 
higher among residents of urban areas compared to 
rural dwellers (23% vs. 20.4%, p = 0.048). However, age 
stratification showed that urban place of residence was 
a risk factor only for younger seniors (24.7% vs. 21.4%, 
p = 0.04), not for the oldest old (18.9% vs. 18.2%, 
p = 0.78). Stratification by sex further revealed that in 
men, the prevalence of diabetes was higher in urban 
than rural dwellers (21.8% vs. 17.2%, p = 0.009), while in 
women no significant difference associated with place 
of residence was observed (24.2% vs. 23.8%, p = 0.82). 
Even though in the entire study population the 
frequency of diabetes was not related to other socioeco-
nomic factors, sex stratification showed that in women, 
the occurrence of diabetes was related to marital status, 
being lowest in never-married women (p = 0.036), while 
in men it was associated with the type of work, being 
lowest in farmers (p = 0.015, Tab. 1). Results of multivar-
iate logistic regression analyses are presented in Table 2. 
In women, the analysis including age, marital status, 
place of residence, education, and type of work showed 
that women who were never married and those with 
a higher education level had a lower risk of diabetes. In 
a similar analysis that included BMI, which is a power-
ful risk factor for diabetes, only marital status and BMI 
remained independent risk factors for this disease. In 
men, multivariate logistic regression analysis without 
BMI indicated that advanced age and rural dwelling 
were associated with a lower risk of diabetes. However, 
incorporating BMI into the analysis negated the influ-
ence of age, although rural dwelling and BMI remained 
independent risk factors for diabetes.
Socioeconomic factors associated 
with undiagnosed diabetes
The rate of undiagnosed diabetes was significantly 
higher in rural than urban dwellers (4.8% vs. 3.5%, 
p = 0.033). After sex stratification, rural place of resi-
dence was significantly associated with undiagnosed 
diabetes in women (5.1% vs. 2.1%, p < 0.001) but not in 
men (4.5% vs. 4.7%, p = 0.82). Additional stratification 
according to age showed that living in rural areas was 
associated with a higher ratio of undiagnosed diabetes 
in both younger senior and oldest-old women (younger 
senior women: 4.5% vs. 1.8%, p = 0.016, oldest-old 
women: 7.1% vs. 2.7%, p = 0.018). Differences in rates 
of undiagnosed diabetes were also not noticed between 
male rural and urban dwellers after age stratification. 
There was no association between the frequency of 
undiagnosed diabetes and other socioeconomic factors 
for the whole group, with stratification into younger 
seniors and oldest-old not altering this result. However, 
in women, the frequency of undiagnosed diabetes was 
inversely related to the level of education (p for trend 
0.016, Tab. 1).
Multivariate logistic regression analyses including 
age, marital status, place of residence, education, and 
type of work, with and without BMI, showed that the 
only independent risk factors for undiagnosed diabetes 
in women were rural dwelling and BMI. In men, with 
regard to a model without BMI, only younger age was 
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associated with an increased risk for undiagnosed 
diabetes. However, this effect disappeared after the 
inclusion of BMI, which remained the only independent 
risk factor for undiagnosed diabetes (Tab. 2).
Discussion 
Based on the obtained results, we estimated the 
prevalence of diabetes in the Polish Caucasian senior 
population to be 23.1%. One-fifth of cases had not been 
previously diagnosed. However, we made our diag-
nosis by measuring FPG levels only. As diabetes in the 
older population is often characterized by postprandial 
hyperglycaemia with fasting normal glucose levels or 
levels typical of glucose intolerance, such cases may 
have been missed. Consequently, the actual prevalence 
of undiagnosed diabetes and total diabetes in Polish 
seniors is, possibly, higher than we have estimated. The 
prevalence of diabetes in the Polish population has been 
previously estimated based on the information from 
2013 all-billing records of the National Health Fund, 
the NATPOL epidemiological study, the RECEPTOmetr 
Sequence study on prescriptions, and regional child 
diabetes registries [17]. In a subgroup of seniors strati-
fied into 5-year age cohorts similar to our cohorts, the 
prevalence of diabetes was slightly higher than that 
Table 1. Basic socioeconomic characteristics of PolSenior study participants with diabetes mellitus
Study participants [n]  
(Men/Women) 
Previously diagnosed  
and undiagnosed diabetes (%)  
(Men/Women) 
Undiagnosed diabetes (%)  
(Men/Women) 
Place of residence 4089 (2128/1961)
Rural areas 1666 (862/804) 20.4 (17.2/23.8) 4.8 (4.5/5.1)
Urban areas 2423 (1266/1157) 23.0 (21.8/24.2) 3.5 (4.7/2.1)
p value 0.048 (0.009/0.82) 0.033 (0.82/< 0.001)
Household 4049 (2109/1940)
Living with family 3183 (1806/1377) 22.2 (20.1/24.8) 4.0 (4.7/3.1)
Living in institution 44 (22/22) 20.5 (18.2/22.7) 4.6 (4.6/4.6)
Living alone 822 (281/541) 21.3 (18.9/22.6) 4.1 (4.6/3.9)
p value 0.84 (0.87/0.57) 0.967 (0.99/0.62)
Marital status 4040 (2103/1937)
Never-married 116 (42/74) 16.7 (21.4/10.8) 2.6 (7.1/0.0)
Married 2050 (1487/563) 21.2 (20.4/23.3) 4.1 (4.6/2.8)
Widowed 1792 (534/1258) 23.2 (17.8/25.4) 4.0 (5.1/3.6)
Divorced 82 (40/42) 24.4 (25.0/23.8) 4.9 (2.5/7.1)
p value 0.11 (0.49/0.036) 0.85 (0.75/0.16)
Education  4043 (2107/1936)
No formal education 88 (31/57) 18.2 (6.7/22.8) 6.8 (6.5/7.0)
Primary or less 2244 (1030/1214) 22.2 (19.0/24.8) 4.4 (5.1/3.8)
Secondary 1380 (828/552) 22.3 (20.4/25.0) 3.7 (4.5/2.5)
Higher 331 (218/113) 20.2 (23.4/14.2) 2.7 (3.7/0.9)
p value for trend 0.84 (0.07/0.15) 0.055 (0.30/0.016)
Type of work 3813 (2080/1733)
White collar 1238 (650/588) 23.4 (23.7/23.1) 2.5 (4.2/2.9)
Blue collar 2045 (1209/836) 21.2 (18.4/25.2) 4.2 (4.8/3.4)
Farmer 530 (221/309) 21.5 (17.2/24.6) 4.5 (5.4/3.8)
p value 0.32 (0.015/0.66) 0.54 (0.70/0.72)
Self-reported economic status 3684 (1944/1740)
Good 2575 (1455/1120) 21.9 (20.8/23.4) 4.1 (4.8/3.2)
Average 963 (434/529) 21.2 (16.8/24.8) 3.5 (4.4/2.8)
Low 146 (55/91) 25.3 (20.0/28.6) 4.8 (7.3/3.3)
p value 0.52 (0.19/0.49) 0.64 (0.63/0.91)
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described for the PolSenior population, possibly due to 
different inclusion criteria and methodology. However, 
these authors also observed a systematic increase in the 
prevalence of diabetes, reaching a maximum in seniors 
aged 80–85 years.  
Diabetes was more common in women, while more 
men had undiagnosed diabetes and IFG. A higher 
prevalence of diabetes in women might be because 
obesity is a strong risk factor for the development of 
this disease, and our female participants had a higher 
mean BMI than men [18–20]. In addition, women, be-
ing more aware of health risks, may be more likely to 
undergo blood tests and seek medical advice, which 
could favour an earlier diagnosis [21, 22]. 
Notably, diabetes was more common in younger 
seniors than in the oldest-old, mostly due to a lower 
prevalence of this disease in oldest-old men. However, 
a multivariate logistic regression analysis showed that 
only BMI was an independent risk factor for this dis-
ease. This might be because, in contrast to the early 
stage of aging, which is commonly accompanied by 
weight gain, advanced age is associated with weight 
loss [20, 23–25]. Accordingly, in our PolSenior study 
participants aged 65–84 years the mean BMI was 28.9 
kg/m2 (29.8 kg/m2 in women, 28.0 kg/m2 in men), while 
in those aged ≥ 85 years it was 26.3 kg/m2 (26.8 kg/m2 
in women, 26.0 kg/m2 in men).  
Observations regarding the relationship between 
socioeconomic status and abnormalities of carbohydrate 
metabolism commonly point to social inequity as a mod-
ifier of the risk of developing these abnormalities. How-
ever, such conclusions have usually been reached based 
on observations of young or across-all-ages cohorts 
[26–29]. Moreover, this is not a unanimous opinion 
[30–32]. In this work, we showed that in the whole 
group of individuals aged ≥ 65 years, diabetes was more 
common in the urban than rural residents, on account 
of the prevalence of this disease in men. In agreement 
with this, male farmers were the least affected by dia-
betes than males in other professions.
In contrast, undiagnosed diabetes was more com-
mon in rural dwellers than in city inhabitants. We also 
observed a trend for an inverse association between 
education level and undiagnosed diabetes. In addition, 
white-collar professionals had the lowest rate of undiag-
nosed diabetes while farmers had the highest, although 
the difference was not significant. Our observations 
suggest that older city dwellers are more likely to suffer 
from carbohydrate metabolism abnormalities, possibly 
due to a sedentary type of work and unfavourable 
lifestyle. In comparison, well-educated city inhabitants, 
particularly women, had a lower probability of undiag-
nosed diabetes, which may reflect a higher awareness 
of health risks, greater attention paid to one’s health, 
and better access to health services. 
A low level of education, limited access to health 
services associated with place of residence, and low 
economic status may delay diagnosis and treatment. 
Moreover, a low education level often associated with 
a low income might induce diabetes morbidity because 
Table 2. Results of multivariate logistic regression analysis 
Model without BMI Model with BMI
Women with diagnosed and undiagnosed diabetes
Marital status Never-married vs. Married 0.42 (0.20–0.90) 0.026 0.46 (0.20–1.05) 0.06
Widowed or divorced vs. Married 1.12 (0.88–1.42) 0.370 1.31 (1.02–167) 0.036
Education Secondary vs. Primary or less 1.01 (0.80–1.28) 0.946 – –
Higher vs. Primary or less 0.52 (0.30–0.91) 0.021 – –
BMI [kg/m2] – 1.10 (1.07–1.12) < 0.001
Women with undiagnosed diabetes
Place of residence Rural vs. City 2.45 (1.44–4.15) 0.001 2.80 (1.56–5.00) 0.001
BMI [kg/m2] – 1.08 (1.03–1.13) 0.003
Men with diagnosed and undiagnosed diabetes
Age [years] 0.98 (0.96–0.99) 0.001 –
Place of residence Rural vs. City 0.76 (0.61–0.95) 0.018 0.73 (0.59–0.93) 0.01
BMI [kg/m2] – 1.15 (1.12–1.18) < 0.001
Men with undiagnosed diabetes
Age [year] 0.97 (0.94–0.99) 0.09 –
BMI [kg/m2] 1.10 (1.05–1.15) < 0.001
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it might be associated with a poor diet (in terms of nutri-
ent and food additives content, energy intake, and the 
degree of food processing) and less leisure-time physical 
activity, leading to a variety of metabolic abnormalities, 
nutritional deficiencies, and obesity. 
Our work has several shortcomings. First, as 
mentioned above, we have only tested FPG levels, 
and the lack of glucose tolerance testing might have 
caused an underestimation of the number of diabetes 
cases. Second, the available data did not distinguish 
between types 1 and 2 diabetes. Type 1 diabetes usually 
affects younger patients and shortens their life-span 
by a decade. Consequently, the percentage of such 
patients in the oldest-old study group might be lower 
than among younger seniors. However, we hypoth-
esize that the primary cause of a lower frequency 
of diabetes in the oldest-old is the premature death 
of individuals affected by any type of diabetes, but 
mostly type 2. 
The present work also shows significant advantages, 
including the size of the study group, the age range (65 to 
104 years), and similar sizes of age-stratified sub-groups, 
including the oldest ones (85–89 years and ≥ 90 years), 
which allowed us to describe diabetes morbidity and 
its associated risk factors in a large group of oldest-old 
individuals. Given the rapid aging of the population and, 
consequently, the increasing number of the oldest-old, 
our observations yield new information about the devel-
opment and diagnosis of diabetes in this specific cohort.
Conclusions
In Polish Caucasian seniors, the prevalence of diabetes, 
including previously undiagnosed cases, is very high. 
However, it declines in the oldest-old due to its decreas-
ing frequency in men. Socioeconomic factors modifying 
the risk of this disease in a sex-dependent manner are 
the place of residence, marital status, and type of work. 
In turn, factors affecting the risk of undiagnosed diabe-
tes are the place of residence and education level. Socio-
economic risk factors for diabetes are similar in younger 
seniors and the oldest-old. Our findings emphasize the 
need for adequate screening programs for diabetes in 
the age-advanced population, including the oldest-old, 
especially in socioeconomically disadvantaged people.
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